■ FIRST COMES IgM, THEN IgG
The pathogenesis and the different stages of infection should inform laboratory testing in Lyme disease.
It is estimated that only 5% of infected ticks that bite people actually transmit their spirochetes to the human host. 5 However, once infected, the patient's innate immune system mounts a response that results in the classic erythema migrans rash at the bite site. A rash develops in only about 85% of patients who are infected and can appear at any time between 3 and 30 days, but most commonly after 7 days. Hence, a rash occurring within the fi rst few hours of tick contact is not erythema migrans and does not indicate infection, but rather an early reaction to tick salivary antigens. 5 Antibody levels remain below the detection limits of currently available serologic tests in the fi rst 7 days after exposure. Immunoglobulin M (IgM) antibody titers peak between 8 and 14 days after tick contact, but IgM antibodies may never develop if the patient is started on early appropriate antimicrobial therapy. 5 If the infection is not treated, the spirochete may disseminate through the blood from the bite site to different tissues. 3 Both cell-mediated and antibody-mediated immunity swing into action to kill the spirochetes at this stage. The IgM antibody response occurs in 1 to 2 weeks, followed by a robust IgG response in 2 to 4 weeks. 6 Because IgM can also cross-react with antigens other than those associated with B burgdorferi, the IgM test is less specifi c than the IgG test for Lyme disease.
Once a patient is exposed and mounts an antibody-mediated response to the spirochete, the antibody profi le may persist for months to years, even after successful antibiotic treatment and cure of the disease. 5 Despite the immune system's robust series of defenses, untreated B burgdorferi infection can persist, as the organism has a bag of tricks to evade destruction. It can decrease its expression of specifi c immunogenic surface-ex-A rash in the fi rst few hours after tick contact is not erythema migrans 
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Nymph Larva posed proteins, change its antigenic properties through recombination, and bind to the patient's extracellular matrix proteins to facilitate further dissemination. 3 Certain host-genetic factors also play a role in the pathogenesis of Lyme disease, such as the HLA-DR4 allele, which has been associated with antibiotic-refractory Lyme-related arthritis. 3 
■ LYME DISEASE EVOLVES THROUGH STAGES
Lyme disease evolves through stages broadly classifi ed as early and late infection, with signifi cant variability in its presentation. 7
Early infection
Early disease is further subdivided into "localized" infection (stage 1), characterized by a single erythema migrans lesion and local lymphadenopathy, and "disseminated" infection (stage 2), associated with multiple erythema migrans lesions distant from the bite site, facial nerve palsy, radiculoneuritis, meningitis, carditis, or migratory arthritis or arthralgia. 8 Highly specifi c physical fi ndings include erythema migrans, cranial nerve palsy, highgrade or progressive conduction block, and recurrent migratory polyarthritis. Less specifi c symptoms and signs of Lyme disease include arthralgia, myalgia, neck stiffness, palpitations, and myocarditis. 5 Erythema migrans lesions are evident in at least 85% of patients with early disease. 9 If they are not apparent on physical examination, they may be located at hidden sites and may be atypical in appearance or transient. 5 If treatment is not started in the initial stage of the disease, 60% of infected patients may develop disseminated infection. 5 Progressive, untreated infection can manifest with Lyme arthritis and neuroborreliosis. 7 Noncutaneous manifestations are less common now than in the past due to increased awareness of the disease and early initiation of treatment. 10
Late infection
Manifestations of late (stage 3) infection include oligoarthritis (affecting any joint but often the knee) and neuroborreliosis. Clinical signs and symptoms of Lyme disease may take months to resolve even after appropriate antimicrobial therapy is completed. This should not be interpreted as ongoing, persistent infection, but as related to host immune-mediated activity. 5 
■ INTERPRET LABORATORY RESULTS BASED ON PRETEST PROBABILITY
The usefulness of a laboratory test depends on the individual patient's pretest probability of infection, which in turn depends on the patient's epidemiologic risk of exposure and clinical features of Lyme disease. Patients with a high pretest probability-eg, a history of a tick bite followed by the classic erythema migrans rash-do not need testing and can start antimicrobial therapy right away. 11
Serologic tests are the gold standard
Prompt diagnosis is important, as early Lyme disease is easily treatable without any future sequelae. 11 Tests for Lyme disease can be divided into direct methods, which detect the spirochete itself by culture or by polymerase chain reaction (PCR), and indirect methods, which detect antibodies ( Table 2) . Direct tests lack sensitivity for Lyme disease; hence, serologic tests remain the gold standard. Currently recommended is a standard 2-tier testing strategy using an enzyme-linked immunosorbent assay (ELISA) followed by Western blot for confi rmation.
IgM reaches a peak in 1-2 weeks; IgG in 2-4 weeks
■ DIRECT METHODS
Culture lacks sensitivity
A number of factors limit the sensitivity of direct culture for diagnosing Lyme disease. B burgdorferi does not grow easily in culture, requiring special media, low temperatures, and long periods of incubation. Only a relatively few spirochetes are present in human tissues and body fl uids to begin with, and bacterial counts are further reduced with duration and dissemination of infection. 5 All of these limit the possibility of detecting this organism.
Polymerase chain reaction may help in some situations
Molecular assays are not part of the standard evaluation and should be used only in conjunction with serologic testing. 7 These tests have high specifi city but lack consistent sensitivity.
That said, PCR testing may be useful: • In early infection, before antibody responses develop • In reinfection, when serologic tests are not reliable because the antibodies persist for many years after an infection in many patients • In endemic areas where serologic testing has high false-positive rates due to high baseline population seropositivity for anti-Borrelia antibodies caused by subclinical infection. 3 PCR assays that target plasmid-borne genes encoding outer surface proteins A and C (OspA and OspC) and VisE (variable major protein-like sequence, expressed) are more sensitive than those that detect chromosomal 16s ribosomal ribonucleic acid (rRNA) genes, as plasmid-rich "blebs" are shed in larger concentrations than chromosomal DNA during active infection. 7 However, these plasmid-contained genes persist in body tissues and fl uids even after the infection is cleared, and their detection may not necessarily correlate with ongoing disease. 8 Detection of chromosomal 16s rRNA genes is a better predictor of true organism viability.
The sensitivity of PCR for borrelial DNA depends on the type of sample. If a skin biopsy sample is taken of the leading edge of an erythema migrans lesion, the sensitivity is 69% and the specifi city is 100%. In patients with Lyme arthritis, PCR of the synovial fl uid has a sensitivity of up to 80%. However, the sensitivity of PCR of the cerebrospinal fl uid of patients with neurologic manifestations of Lyme disease is only 19%. 7 PCR of other clinical samples, including blood and urine, is not recommended, as spirochetes are primarily confi ned to tissues, and very few are present in these body fl uids. 3, 12 The disadvantage of PCR is that a positive result does not always mean active infection, as the DNA of the dead microbe persists for several months even after successful treatment. 8 
■ INDIRECT METHODS
Enzyme-linked immunosorbent assay
ELISAs detect anti-Borrelia antibodies. Earlygeneration ELISAs, still used in many laboratories, use whole-cell extracts of B burgdorferi. Examples are the Vidas Lyme screen (Biomérieux, biomerieux-usa.com) and the Wampole B burgdorferi IgG/M EIA II assay (Alere, www. alere.com). Newer ELISAs use recombinant proteins. 13 The antibody response to B burgdorferi takes at least 1 week to develop 
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Three major targets for ELISA antibodies are fl agellin (Fla), outer surface protein C (OspC), and VisE, especially the invariable region 6 (IR6). Among these, VisE-IR6 is the most conserved region in B burgdorferi.
Early-generation assays have a sensitivity of 89% and specifi city of 72%. 11 However, the patient's serum may have antibodies that cross-react with unrelated bacterial antigens, leading to false-positive results ( Table 3) . Whole-cell sonicate assays are not recommended as an independent test and must be confi rmed with Western blot testing when assay results are indeterminate or positive. 11 Newer-generation ELISAs detect antibodies targeting recombinant proteins of VisE, especially a synthetic peptide C6, within IR6. 13 VisE-IR6 is the most conserved region of the B burgdorferi complex, and its detection is a highly specifi c fi nding, supporting the diagnosis of Lyme disease. Antibodies against VisE-IR6 antigen are the earliest to develop. 5 An example of a newer-generation serologic test is the VisE C6 Lyme EIA kit, approved as a fi rsttier test by the US Food and Drug Administration in 2001. This test has a specifi city of 99%, 14, 15 and its specifi city is further increased when used in conjunction with Western blot (99.5%). 15 The advantage of the C6 antibody test is that it is more sensitive than 2-tier test-ing during early infection (sensitivity 29%-74% vs 17%-40% in early localized infection, and 56%-90% vs 27%-78% in early disseminated infection). 6 During early infection, older and newer ELISAs are less sensitive because of the limited number of antigens expressed at this stage. 13 All patients suspected of having early Lyme disease who are seronegative at initial testing should have follow-up testing to look for seroconversion. 13
Western blot
Western blot (immunoblot) testing identifi es IgM and IgG antibodies against specifi c B burgdorferi antigens. It is considered positive if it detects at least 2 of a possible 3 specifi c IgM bands in the fi rst 4 weeks of disease or at least 5 of 10 specifi c IgG bands after 4 weeks of disease (Table 4 and Figure 2 ). 16 The nature of the bands indicates the duration of infection: Western blot bands against 23-kD OspC and 41-kD FlaB are seen in early localized infection, whereas bands against all 3 B burgdorferi proteins will be seen after several weeks of disease. 17 The IgM result should be interpreted carefully, as only 2 bands are required for the test to be positive, and IgM binds to antigen less specifi cally than IgG. 12
Interpreting the IgM Western blot test: The '1-month rule'
If clinical symptoms and signs of Lyme disease have been present for more than 1 month, IgM reactivity alone should not be used to support the diagnosis, in view of the likelihood of a false-positive test result in this situation. 18 This is called the "1-month rule" in the diagnosis of Lyme disease. 13 In early localized infection, Western blot is only half as sensitive as ELISA testing. Since the overall sensitivity of a 2-step algorithm is equal to that of its least sensitive component, 2-tiered testing is not useful in early disease. 13 Although currently considered the most specifi c test for confi rmation of Lyme disease, Western blot has limitations. It is technically and interpretively complex and is thus not universally available. 13 The blots are scored by visual examination, compromising the reproducibility of the test, although densitometric blot analysis techniques and automated scanning and scoring attempt to address some of these limitations. 13 Like the ELISA, Western blot can have false-positive results in healthy individuals without tick exposure, as nonspecifi c IgM immunoblots develop faint bands. This is because of cross-reaction between B burgdorferi antigens and antigens from other microorganisms. Around 50% of healthy adults show low-level serum IgG reactivity against the FlaB antigen, leading to falsepositive results as well. In cases in which the Western blot result is indeterminate, other etiologies must be considered.
Background rates of seropositivity in endemic areas can reach 4%
False-positive IgM Western blots are a signifi cant problem. In a 5-year retrospective study done at 63 US Air Force healthcare facilities, 113 (53.3%) of 212 IgM Western blots were falsely positive. 19 A false-positive test was defi ned as one that failed to meet seropositivity (a fi rst-tier test omitted or negative, > 30 days of symptoms with negative IgG blot), lack of exposure including residing in areas without documented tick habitats, patients having atypical or no symptoms, and negative serology within 30 days of a positive test.
In a similar study done in a highly endemic area, 50 (27.5%) of 182 patients had a falsepositive test. 20 Physicians need to be careful 
Limitations of serologic tests for Lyme disease
Currently available serologic tests have inherent limitations: • Antibodies against B burgdorferi take at least 1 week to develop • The background rate of seropositivity in endemic areas can be up to 4%, affecting the utility of a positive test result • Serologic tests cannot be used as tests of cure because antibodies can persist for months to years even after appropriate antimicrobial therapy and cure of disease; thus, a positive serologic result could represent active infection or remote exposure 21 • Antibodies can cross-react with related bacteria, including other borrelial or treponemal spirochetes • False-positive serologic test results can also occur in association with other medical conditions such as polyclonal gammopathies and systemic lupus erythematosus. 12
■ RECOMMENDATIONS FOR TESTING
Standard 2-tier testing
The CDC released recommendations for diagnosing Lyme disease after a second national conference of serologic diagnosis of Lyme disease in October 1994. 18 The 2-tiered testing method, involving a sensitive ELISA followed by the Western blot to confi rm positive and indeterminate ELISA results, was suggested as the gold standard for diagnosis (Figure 3) . Of note, negative ELISA results do not require further testing. 11 The sensitivity of 2-tiered testing depends on the stage of the disease. Unfortunately, this method has a wide range of sensitivity (17% to 78%) in stage 1 disease. In the same stage, the sensitivity increases from 14.1% in patients with a single erythema migrans lesion and early localized infection to 65.4% in those with multiple lesions. The algorithm has excellent sensitivity in late stage 3 infection (96% to 100%). 5 A 2-step ELISA algorithm A 2-step ELISA algorithm (without the Western blot) that includes the whole-cell sonicate assay followed by the VisE C6 peptide assay actually showed higher sensitivity and comparable specifi city compared with 2-tiered testing in early localized disease (sensitivity 61%-74% vs 29%-48%, respectively; specifi city 99.5% for both methods). 22 This higher sensitivity was even more pronounced in early disseminated infection (sensitivity 100% vs 40%, respectively). By late infection, the sensitivities of both testing strategies reached 100%. Compared with the Western blot, the 2-step ELISA algorithm was simpler to execute in a reproducible fashion. 5 The Infectious Diseases Society of America is revising its current guidelines, with an update expected late this year, which may 
Multiplex testing
To overcome the intrinsic problems of protein-based assays, a multiplexed, array-based assay for the diagnosis of tick-borne infections called Tick-Borne Disease Serochip (TBD-Serochip) was established using recombinant antigens that identify key immunodominant epitopes. 8 More studies are needed to establish the validity and usefulness of these tests in clinical practice.
Who should not be tested?
The 
■ DIAGNOSIS IN SPECIAL SITUATIONS
Early Lyme disease
The classic erythema migrans lesion on physical examination of a patient with suspected Lyme disease is diagnostic and does not require laboratory confi rmation. 10 In ambiguous cases, 2-tiered testing of a serum sample during the acute presentation and again 4 to 6 weeks later can be useful. In patients who remain seronegative on paired serum samples despite symptoms lasting longer than 6 weeks and no antibiotic treatment in the interim, the diagnosis of Lyme disease is unlikely, and another diagnosis should be sought. 3 Antimicrobial therapy may block the serologic response; hence, negative serologic testing in patients started on empiric antibiotics should not rule out Lyme disease. 6 PCR or bacterial culture testing is not recommended in the evaluation of suspected early Lyme disease.
Central nervous system Lyme disease
Central nervous system Lyme disease is diagnosed by 2-tiered testing using peripheral blood samples because all patients with this infectious manifestation should have mounted an adequate IgG response in the blood. 11 B cells migrate to and proliferate inside the central nervous system, leading to intrathecal production of anti-Borrelia antibodies. An index of cerebrospinal fl uid to serum antibody greater than 1 is thus also indicative of neuroborreliosis. 12 Thus, performing lumbar puncture to detect intrathecal production of antibodies may support the diagnosis of central nervous system Lyme disease; however, it is not necessary. 11 Antibodies persist in the central nervous system for many years after appropriate antimicrobial treatment.
Antibodies can cross-react with other bacteria, causing falsepositive results
Lyme arthritis
Articular involvement in Lyme disease is characterized by a robust humoral response such that a negative IgG serologic test virtually rules out Lyme arthritis. 23 PCR testing of synovial fl uid for borrelial DNA has a sensitivity of 80% but may become falsely negative after 1 to 2 months of antibiotic treatment. 24, 25 In an algorithm suggested by Puius et al, 23 PCR testing of synovial fl uid should be done in patients who have minimal to no response after 2 months of appropriate oral antimicrobial therapy to determine whether intravenous antibiotics are merited. Table 5 summarizes the tests of choice in different clinical stages of infection. 
